At this temperature none of the substrates reacted in the absence of a catalyst, and consequently all of the products observed could be ascribed to catalyzed reactions.
Following reaction, the products were weighed and the solid and liquid components were separated by filtration.
Quantitative analysis of the liquid products was carried out by gas chromatography, using a 1/8 in x 10 ft column packed with 5% OV-225 on Chromsorb P. Product identification was established with the aid of a Finnigan 4023 gas chromatograph/mass spectrometer.
Materials
The following compounJs were used as reactants: and benzophenone.
The solvent was collected in a previously dried glass bottle and stored under nitrogen until used.
Arthydrous AlC1 3 (Mallinckrodt) was used as received and was stored in a dry box under nitrogen to avoid·contact with water vapor. Zinc chloride (Mallinckrodt) was dried in a vacuum oven at ll0°C was also stored in the dry box until used.
RESULTS
The products obtained from the reactions of biphenyl and a series of diphenyl alkanes, catalyzed by A1Cl 3 , are listed in Table I . Cyclohexane was used as the solvent in these experiments. To identify products obtained from the solvent, an experiment was performed with cyclohexane alone.
As can be seen from the last column of. '.
t. .,;:
The effects of gas composition on the products obtained from diphenylmethane and 1,3-diphenyl~ropane are indicated in Table III Experiments similar to those reported in Table I were also carried out using zncl 2 . as the catalyst~ The only difference in these experiments was that the catalyst loading was roughly twenty-fold higher than that used with AlC1 3 . In spite of this) products were not observed, indicating that znc1 2 is a significantly less active cafalyst than AlC1 3 •
The effects of phenolic hydroxyl groups on the cleavage of linkages between aromatic nuclei were studied using 2-and 4-phenylphenol and 2-and 4-hydroxydiphenylmethane. The reactions of these substrates were carried·out in benzene solution since none of the reactants were soluble in cyclohexane. From the results shown in Table IV , it is apparent that 2-phenylphenol. does not undergo cleavage of the aryl-aryl bond since phenol is not produced as one of the products. The only reaction observed to occur is isomerization to form 3-phenylphenol.
Experiments conducted with 4-phenylphenol led to a 6.
• " Table II ) but the conversion of 2-hydroxydiphenylmethane is 16% higher. The product distributions given in Table IV show It is interesting to note that 7.
the amount of toluene produced from either isomer of hydroxydiphenylmethane is significantly less than that obtained from diphenylmethane (see Table II ). .. In the presence of AlC1 3 , 1-phenylnaphthalene primarily undergoes isomerization to form 2-phenylnaphthalene.
The appearance of a very small concentration of naphthalene in the products indicates that cleavage of the aryl-aryl bond occurs but only to a limited degree. When znc1 2 is used as the catalyst, the extent of isomerization is reduced and no cleavage of the aryl-aryl bond can be detected. The active form of Lewis acid catalysts has been discussed extensively in the literature pertaining to hydrocarbon crackirig and Friedel-Crafts chemistry (9-11).
Evidence from many studies suggest that Lewis acids must first be converted to Bransted acids, in order to be active.
This conversion is envisioned to occur via a reaction of the Lewis acid with hydrogen halide, water, or an alcohol. + . . .
The rate limiting step in the overall process is protonation of the substrate (reaction 1) to form a benzenium ion (13, 14) . Tables I and II) .
The formation of indan and teralin from diphenylpropane and diphenylbutane can also be explained by an electrophilic substitution reaction of a phenylalkyl carbonium ion. The alkyl portion of both the phenylpropyl and phenylbutyl carbonium ions-is-flexible enough for.the free end of the alkyl group to approach the phenyl ring.
When this occurs, an intramolecular reaction can take_place which produces the resonance structures.shown in Fig. 1 .
Subsequent deprotonation of these structures yields the final hydroaromatic products.
A third-example .of e1ectrophilic substitution is given by reactions 3 arid 4. In this instance the aromatic center being attacked is that of the_reactant itself and the product formed has a higher mchecular weight than the reactant.
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The extent to which hydride abstraction .from H 2 occurs depends on the structure of the carboriium ion Thus, tertiary carbonium ions will react moie readily than secondary carbonium ions, which in turn will rea'ct more readily. than prima1;y carbonium ions. By combining reaction.lO with reaction 5, one sees that a hydride shuttle can be set up.
Similar reaction pairs have been proposed to explain the ability of superacids to catalyze the hydrogenation of benzene in the presence of a tertiary hydride donor (16, 17) .
The results of the present experiments ~o not unambiguously establish the source of hydride ions required to form alkyl-benzene products. However, the fact that the presence or absence of H 2 has only a modest effect on the conversion of substrate to products (see Table III) indicates that only a part of the required hydride ions Table I This observation suggests that the observed isomerization of 2-phenylphenol to 3-phenylphenol occurs via an intramolecular reaction, a conclusion which is in agreement with the results of previous investigations (21, 22) . It should also b~ noted that the failure of 4-phenylpheriol to undergo isomerization is in agreement with the work of Hay (21) .
Substitution of a phenyl group by a naphthyl group also enhances the cleavage of alkyl-aryl bonds. Comparison
of Tables I and VI shows that when AlC1 3 is used as the catalyst the conversion of 1-benzylnaphthalene is higher 17.
than that of diphenylmethan~. Table VI shows further that ZnC1 2 will also catalyze the reaction of 1-benzylnaphthalene.
Both of these observations can be explained by the fact that I the naphthyl group is more basic than the phenyl group and hence will protonate more easily. Consistent with this we note that in the presence of ZnC1 2 the concentration of naphthalene in the products is nearly fourfold higher than that of benzene.
It is interesting to see that while the substitution. of a phenyl group by a hydroxyphenyl group did not promote cleavage of an aryl-aryl bond, the substitution by a naphthyl group apparently does. Thus Table VI 
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